Neoplasia of the prostate is relatively uncommon in dogs with adenocarcinoma being the most common type. Non-epithelial tumors are rare and only individual cases of malignant lymphoma affecting the prostate have been reported. The purpose of this multi-institutional, retrospective, descriptive study was to characterize the ultrasonographic features of canine prostatic lymphoma.
INTRODUCTION
Neoplasia of the prostate gland is relatively uncommon in dogs with an overall incidence of 0.35% and the majority are malignant and of epithelial origin. 1 Adenocarcinoma is the most common malignant tumor type with a prevalence of 0.2-0.6%. 2 Tumors of nonepithelial origin are particularly rare within the prostatic gland. 3 Fibrosarcoma, leiomyosarcoma, leiomyoma, and hemangiosarcoma have been identified in the canine prostate. [3] [4] [5] [6] [7] Only individual cases of malignant lymphoma affecting the prostate in dogs have been reported so far. [8] [9] [10] [11] Canine malignant lymphoma is typically a multicentric disease, even though on occasion the lymphomatous neoplastic infiltrate is limited to one organ as in extranodal presentations. 12 Malignant lymphoma of the prostate is rare and more common along with multicentric occurrence than as a primary or sole site of involvement. 13 The routinely applied clinical staging reflects the anatomical extent of the disease as defined by the World Health Organization (WHO) protocol. 14 The ultrasonographic features of canine prostatic malignant lymphoma have only been described in three individual case reports [9] [10] [11] where prostate was enlarged diffusely hypoechoic 11 or presented a focal hypoechoic central mass 10 or multifocal hypoechoic nodules and concurrent prominent hypoechoic urethral muscle. 9 Only one case reported regional lymphadenopathy. 11 The purpose of this study was to describe the ultrasonographic appearance and provide clinicopathologic information of canine prostatic malignant lymphoma.
MATERIALS AND METHODS
This is a multi-institutional retrospective descriptive study design. with the dog's age and body weight whenever applicable as reported previously. 15 Parenchymal prostatic alterations were defined as focal, multifocal, or diffuse. In case of focal lesion, the anatomic location was also classified (as periurethral/central or peripheral) and reported. Abdominal lymphadenopathy was defined as being present when changes in echogenicity (hypoechoic to the surrounding fatty tissue), size, and/or in shape (rounded) were noted. Lymphadenopathy was subjectively graded (mild, moderate, severe) and classified based on the distribution as focal (restricted to regional lymph node) or multifocal (multiple lymph nodes affected).
RESULTS

Clinical findings
Nine dogs between 2.5 and 12 years of age (mean age 6,5) with confirmed prostatic malignant lymphoma were included. Labrador Retrievers were overrepresented (4/9). Seven of nine dogs were intact and two were neutered males. The clinical signs were primarily lower urinary tract signs (stranguria 4/9, hematuria 2/9) and gastrointestinal tract signs (vomiting 3/9, diarrhoea 2/9, constipation 1/9, hematochezia 1/9, tenesmus and dyschezia 1/9). Dog 3 also had a palpable perianal hernia (Supporting Information 1).
Ultrasonographic findings
Ultrasonographic examinations were performed using different machines and probe frequencies depending on the institution (Supporting Information 2). All prostate glands involved were described as subjectively enlarged based on the imaging reports. Mean were present in the testes of three of nine patients, one of which also presented evidence of thickened and hypoechoic uterus masculinus (Supporting Information 4). Prostatic neoplasia was suspected based on the ultrasonographic findings in seven of nine cases, in three of which round cell neoplasia was a primary consideration. In the latter three cases, multiorgan ultrasonographic involvement paralleled the "atypical" multifocal hypoechoic prostatic nodules. In two out of nine cases, inflammatory/infectious disease or benign prostatic hyperplasia was suspected. Presence of moderate to severe lymph adenomegaly rendered neoplasia a highly ranked differential diagnosis in four of seven cases.
Cytology and histology
Prostatic malignant lymphoma was diagnosed in seven of nine dogs by cytology (sonographic guidance fine-needle biopsy) and in two of nine dogs by histology (necropsy and surgical biopsy, respectively) F I G U R E 1 Sagittal ultrasonographic images of the prostate with lymphomatous infiltration in Dog 7 (A) and Dog 9 (B) with diffuse homogeneous hypoechoic pattern. Note the visibility of the tubular hypoechoic uterus masculinus (outlined by arrowheads) due to neoplastic infiltration in Dog 9. UB, urinary bladder 
Treatment and outcome
The majority of dogs had a short survival time after diagnosis (mean 
DISCUSSION
According to this case series, malignant lymphoma involving the prostate can display a plethora of ultrasonographic appearances.
However, the predominance of hypoechoic lesions (diffuse, focal, or multifocal areas of decreased echogenicity), was remarkable. Further common features were rounded/irregular margins, absence of mineralization, and ultrasonographic evidence of multiple organ involvement with or without lymph node enlargement. Prostatomegaly was subjectively recorded for all the patients however not objectivized by measurements. We decided to measure the length and height of prostate in longitudinal view as different studies suggest the length as the more reliable parameter for estimation prostate size, which correlate better with prostate volume. 16, 17 Atalan et al. reports that prostatic enlargement does not occur uniformly but results in greater increases in length than depth. 18 This finding was explained as possibly being related to the lower resistance to longitudinal enlargement than resistance in the dorsal-ventral axis by adjacent structures, such as the pubis and rectum. Atalan et al. further report the transverse view to be more operator dependent. 19 Prostatic size is generally difficult to assess as it is very variable between individuals, breeds (eg, Scottish terrier has a relatively larger prostate), age, body weight, and status (intact/neutered). Age of neuter (early or late) and presence of previous disease can also influence the size of the prostate. Moreover, reference ranges for neutered animals have not been published yet. Prostatic shape may be better indicator of prostate disease as supported by our study wherein 78% of the prostates presented altered shape (rounded and/or irregular margins). Our findings are in agreement with previous reports describing the prostate diffusely hypoechoic 11 or a focal hypoechoic central mass within the prostate 10 or multifocal hypoechoic prostatic nodules concurred by a prominent hypoechoic urethral muscle. 9 Regional lymphadenopathy was reported only in one of the three previous case reports. 11 As in our cases, no mineralization was reported. The decreased echogenicity is thought to reflect the predominant lymphocytic component as both lymph nodes and nonlymphoid organs become hypoechoic with infiltration of lymphoma. 20 The area of lymphomatous infiltration is assumed to be hypoechoic because it contains a uniform cell population without much reactive fibrous tissue resulting in a uniform tissue medium with minimal differences in acoustic impedance. 21 Differentiation of neoplasia from benign conditions is challenging with ultrasound in general and moreover more than one condition can coexist. Criteria strongly suggestive for malignant neoplasia reported in the veterinary literature include local tissue invasion (parenchyma, urethra, or bladder neck), presence of parenchymal mineralization, and regional lymphadenopathy. 22 The presence of mineralization with prostatomegaly in neutered animals has been reported to have a 100% positive predictive value of malignancy, 23 however none of our dogs with a lymphomatous infiltrate of the prostate presented mineralization. The presence of concomitant lymphadenomegaly and/or evidence of multiple organ involvement (including liver, spleen, kidneys, and gastrointestinal tract) was more suggestive of malignancy in the dogs with prostatic malignant lymphoma. In this study, all hypo-to isoechoic renal nodules and hypoechoic thickening or masses of the gastrointestinal tract wall available for either cytological or histologic diagnosis were associated with neoplastic infiltration. Notably, in cases with "atypical" multifocal hypoechoic prostatic nodules paralleled by ultrasonographic multiorgan involvement and lymphadenopathy disseminated rounded cell neoplasia affecting the prostate was already suspected by ultrasound. Lymphoma typically is a multicentric disease characterized by generalized lymphadenomegaly, with or without involvement of the liver and spleen. In our dogs, the multiorgan involvement suggested prostatic malignant lymphoma being a part of a disseminated disease. Lymph node involvement was present in 55.6% of the cases, however only lymph nodes with ultrasonographic abnormalities were sampled. Ultrasound has limitations in terms of accurate staging, as small lymph nodes may harbor neoplastic cells and large lymph nodes may be simply reactive rather than infiltrated. 24 Lymphoma should be staged (World Health Organization protocol) as prognosis has been shown to be worse in dogs with higher stage of disease. 25 In our study, the availability of histology/cytology of other organs than the prostate being defined as abnormal based on ultrasound was limited, and necropsy was only performed in one case making it difficult to precisely define the extent of the disease. Distinguishing between a primary (extra-nodal) lymphoma of the prostate with secondary spread to other organs or a multicentric process is challenging.
Canine prostatic malignant lymphoma is rare and has been reported to represent multicentric disease rather than primary lymphoma. 13 Previous veterinary literature has reported prostatic involvement after recurrence of an intestinal and splenic lymphoma, 10 along with infiltration of the medial iliac lymph nodes 11 or suspected multifocal neoplastic process with involvement of kidneys, liver, and spleen. 9 Mainwaring 8 reported a primary prostatic lymphoma and infiltration of both adrenal glands as documented by histopathological examination. A final conclusion cannot be made based on the limited number of cases. However, our results suggest that canine malignant lymphoma affecting the prostate appears to be more commonly high grade and of T-cell origin. Similar to previous reports and similar to epithelial neoplasia of the prostate, [8] [9] [10] [11] the main clinical findings were lower urinary tract signs (stranguria, dysuria) and large intestinal signs (tenesmus, dyschezia, constipation). Prostatic lymphoma in veterinary medicine has also been described as causing lower urinary obstruction with subsequent renal hydronephrosis and/or mild ureteral dilation. [9] [10] [11] Labrador Retrievers were overrepresented in our sample population.
The reason for the overrepresentation remains unclear and final conclusions on a possible breed predisposition of Labrador Retrievers for prostatic lymphoma cannot be drawn from the small number of dogs in our study. A possible predisposition of Labrador Retriever for renal lymphoma has already been reported. 26 Evaluation of the long-term prognosis for prostatic malignant lymphoma is difficult as well owing to the inhomogeneous population and small number of cases in our study.
However, the majority of dogs had a short survival time after diagnosis where approximately 50% of the patients were euthanized directly or few days after diagnosis and maximal survival time was 10 months in one dog, which received chemotherapeutical treatment. Similar survival times were reported in previous case reports with a maximum of 1-year survival time after diagnosis using a multidrug chemotherapy protocol 10 and null or very short in the other case reports where euthanasia 9 or natural death was reported few days after diagnosis. 11 There are several limitations due to the retrospective nature and small sample size of our study. The main reason for the small number of cases is the rare occurrence of prostatic lymphoma in dogs. Histological examination of the prostate, fine-need aspiration biopsy of the other ultrasonographically abnormal organs, and postmortem examination were not available in all patients.
In conclusion, even though malignant lymphoma is rare in the prostate, it should be included in the list of ultrasonographic differentials in patients with hypoechoic lesions/areas, altered shape, lack of mineralization of the prostatic parenchyma, and evidence of multiorgan involvement. Lower urinary tract signs are a common but inconsistent clinical feature in dogs with prostatic malignant lymphoma. Further studies with larger sample sizes are required to confirm the ultrasonographic features described in the study and provide more information on histological type/grade and prognostic factors of dogs affected by malignant prostatic lymphoma.
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